Introduction {#sec1-1}
============

Obesity results from a complex interaction of genetic, behavioural and environmental factors causing an imbalance between energy intake and expenditure. It is well known that diet and exercise are the two main ways to lose weight. Physical exercise can enhance weight loss because it lowers the energetic balance by increasing energy expenditure and reducing food intake. Increase in energy intake is likely to result from changes in the appetite control system toward anorexigenic environment ([@ref1]-[@ref3]).

Few studies have measured how exercise impacts on both orexigenic and anorexigenic peptides. In this regard, recent studies have sought to examine how changes in hormones and neuro- peptides regulate appetite and food intake after exercise ([@ref4]-[@ref6]). Nesfatin-1, ghrelin and peptide YY (PYY) are peptides that appear to regulate food intake and release in response to changes in energy homeostasis ([@ref7], [@ref8]). Nesfatin-1 is a potent anorexigenic peptide inducing satiety and strongly inhibits food and water intake and thereby reduces body weight ([@ref8], [@ref9]). Ghanbari-Niaki and coworkers reported no significant effects of interval or circuit anaerobic exercise on plasma Nesfatin-1 level, but they recommended that probably, a longer exercise protocol with lower intensity which elicited greater total caloric expenditure would have affected nesfatin-1 plasma concentrations ([@ref10]).

Ghrelin predominantly secreted by endocrine cells in the gastrointestinal tract, transfers information from the stomach to the hypothalamus, and influences growth hormone (GH) release in response to changes in energy homeostasis ([@ref11]). Plasma ghrelin concentrations rise before meals and decrease following meals, suggesting that ghrelin is orexigenic (appetite stimulating) ([@ref4]). Ghrelin appears in two major acylated and nonacylated forms. It correlates negatively with body fat mass ([@ref12]), and is responsive to diet- and exercise induced changes in body mass ([@ref13]). Broom and colleague, show that plasma acylated ghrelin is suppressed during vigorous treadmill running ([@ref5]), while another study has reported increases in acylated ghrelin after five consecutive days of aerobic exercise (1 hr/day) ([@ref14]). The gut hormone PYY has strong appetite-suppressing effects ([@ref6]). Among the members of the PYY peptide family, PYY~3--36~ in particular, has been shown to play a major role in appetite control ([@ref15]). Several studies have reported that plasma PYY concentrations are increased during aerobic exercise both in lean ([@ref5], [@ref16]) and obese ([@ref17]), participants. A study found that increase in blood PYY~3--36~ levels depends on exercise intensity ([@ref16]).

Studies examining the effects of acute bouts of exercise are informative, but exercise training studies are required to determine the long-term effects of exercise on appetite, food intake and weight control. The objective of this study was to investigate the responses of the main regulatory hormones of food intake to eight weeks endurance training. Thus, we explored whether a HFD paired with endurance training had any effects on food intake, body weight and the plasma levels of nesfatin-1, ghrelin, PYY, leptin, insulin, glucose and lipids profiles in rat.

Materials and Methods {#sec1-2}
=====================

Animals {#sec2-1}
-------

Male Wistar rats (10 weeks old, 160±10 g body weight) were obtained from Pasteur Institute (Tehran, Iran) and acclimated for at least 1 week prior to experimental use. The animals were housed in normalized light-polyethylene cages, each one in a cage and the exposure to light was regulated in 12 hr intervals; 12 hr (7:00-19:00) of darkness, and 12 hr of light (19:00-7:00), and they were kept in the Animal House. Temperature and humidity were maintained at 25±2°C and 60%±5.0%, respectively. All experiments involving the animals were conducted according to the policy of the Iranian Conversion for the Protection of Vertebrate Animals used for experimental and other scientific purposes and in accordance with the international principles for biomedical research involving animals, revised in 1985.

Experimental design {#sec2-2}
-------------------

Twenty-eight male Wistar rats were randomly divided into four groups, each comprising of seven animals: The control group with standard diet (CSD), endurance training group with a standard diet (ESD), control group with High-Fat Diet (CHFD) and endurance training group with high-fat diet (EHFD). The rats in the standard diet group were daily fed with a laboratory chow (containing 407 kcal/100 g total energy, 69.9% carbohydrate, 16.1% protein, and 14% fat based on percentage of total calories; Razi Institute, Iran). The rats in the high-fat diet group were fed with HFD (containing 457kcal/100 g total energy, 49.9% carbohydrate, 13.1% protein, and 37% fat based on percentage of total calories; Razi Institute, Iran) ([@ref18]). Water was available *ad libitum*. Each trained rat was exercised between 8 and 10 a.m., 5 days a week for 8 weeks. The rats progressively ran on a motor-driven rodent treadmill from 15 min/day at 15 m/min speed, 0% slope, up to 50 min/day at 25 m/min speed, 0% slope and the control rats were placed on the non-moving treadmill.

Body weight and the food intake {#sec2-3}
-------------------------------

Body weight of the rats in each group was measured and recorded every day. Food intake was estimated daily by differential weighting for each group of seven rats and summed.

Blood samples {#sec2-4}
-------------

Twenty-four hr after the last training session, animals were killed after anesthetizing by ether after an overnight fasting. Blood samples were collected by cardiac puncture in EDTA (3 mg per 1 ml of blood) as the anticoagulant and immediately centrifuged at 1000 rpm for 10 min at 4°C. Plasma were removed and stored in 0.5 ml aliquots at --70^o^C freezer until biochemical analysis.

Determination of hormonal parameters {#sec2-5}
------------------------------------

Levels of insulin and cortisol were determined by enzyme-linked immunosorbent assay (ELISA) kit from Mercodia Company (Uppsala- Sweden) and Diagnostic Biochem Company (Canada), respectively. Nesfatin-1, acylated ghrelin and leptin plasma levels were measured using Cusabio Company ELISA kit (China) and PYY~3-36~ level by Phoenix Pharmaceuticals Company ELISA kit (California).

Biochemical parameters assays {#sec2-6}
-----------------------------

Plasma glucose, cholesterol (CS), triglyceride (TG), and high-density-lipoprotein-cholesterol (HDL-C) concentrations were measured using Pars Azmoun Company kit (Tehran-Iran). The procedure of Friedewald *et al* ([@ref19]), was used to estimate low-density-lipoprotein-cholesterol (LDL-C) concentration. It was calculated as the difference between CS, HDL-C and TG/5. Interlukin-6 (IL-6) was measured by Diaclone Company ELISA kit (France).

Statistical analysis {#sec2-7}
--------------------

All calculations were performed using the Statistical Package for Social Sciences version 18 (SPSS Inc., Chicago, IL, USA). For comparing between groups analysis of variance (ANOVA) test was used following by Tukey *post hoc* multiple comparison test. *P*-values less than 0.05 were considered as statistically significant. Data were expressed as mean±SD.

Results {#sec1-3}
=======

The body weight {#sec2-8}
---------------

[Figure 1](#F1){ref-type="fig"} displays the weekly body weight of rats in the control and the experimental groups. Our analysis with repeated measures shows that the body weight in all groups increased significantly during the experimental period. The body weight in the EHFD groups significantly decreased between weeks 4 to 8 compared to the CHFD group. Moreover, the body weight in the ESD and EHFD groups significantly decreased at weeks 5 and 6 compared to the CSD group (*P*\<0.05).

![Effect of High-Fat Diet and eight weeks endurance training on the weekly body weight in control and trained rats. Values are expressed as mean±SD (n=7)\
\* *P* \<0.05, \*\* *P* \<0.01 and \*\*\* *P* \<0.001, CHFD group vs. EHFD group\
\# *P* \<0.05, ESD and EHFD groups vs. CSD group\
CSD: control group with standard diet; ESD: endurance training with a standard diet; CHFD: control group with high-fat diet; EHFD: endurance training with high-fat diet](IJBMS-17-237-g001){#F1}

The total food intake {#sec2-9}
---------------------

[Figure 2](#F2){ref-type="fig"} displays the effect of HFD and eight weeks endurance training on the total food intake in the control and the experimental groups. ANOVA test shows that the food intake in the CHFD group significantly increased compared to the CSD group but significantly decreased in the EHFD group compared to the CHFD group (*P*\<0.05).

![Effect of high-fat diet and eight weeks endurance training on the total food intake (Kcal) in control and trained rats. Values are expressed as mean±SD (n=7). \*\*\**P*\<0.001 vs. CSD group;\
\# *P* \<0.05 vs. CHFD group; ^†^ *P* \<0.05 vs. CHFD and EHFD groups\
CSD: control group with standard diet; ESD: endurance training with a standard diet; CHFD: control group with high-fat diet; EHFD: endurance training with high-fat diet](IJBMS-17-237-g002){#F2}

The effect of HFD and eight weeks endurance training on hormonal parameters in different groups is presented in [Figure 3](#F3){ref-type="fig"}. Plasma nesfatin-1 level in the CHFD group (14.32±1.06 pg/ml) significantly decreased compared to the CSD (22.91±3.81 pg/ml) and ESD (24.67±4.19 pg/ml) groups (*P*\<0.01), while it did not significantly differ in the EHFD group (19.37±3.57 pg/ml) from that of the standard diet group. Nesfatin-1 level in the EHFD groups significantly increased in comparison with the CHFD group (*P*\<0.05). Plasma PYY~3-36~ level in CHFD (0.55±0.11 ng/ml) and EHFD (0.7±0.1 ng/ml) groups were lower than CSD (0.85±0.06 ng/ml) and ESD (0.89±0.05 ng/ml) groups. PYY~3-36~ level in EHFD group was higher than CHFD group (*P*\<0.05). Cortisol concentration in CHFD (15.83±2.09 µg/dl) and EHFD (13.93±3.57 µg/dl) groups were significantly higher than CSD (8.52±1.57 µg/dl) and ESD (8.77±1.97 µg/dl) groups. No significant differences in acylated ghrelin, insulin and leptin levels were observed between groups.

![Effect of High-Fat Diet and eight weeks endurance training on hormonal parameters in control and trained rats. Values are expressed as mean±SD (n=7). \* *P* \<0.05, \*\* *P* \<0.01 and \*\*\* *P* \<0.001 vs. CSD group; \# *P*\<0.05 vs. CHFD group; ^†^ *P* \<0.05 vs. CHFD and EHFD groups\
CSD: control group with standard diet; ESD: endurance training with a standard diet; CHFD: control group with high-fat diet; EHFD: endurance training with high-fat diet](IJBMS-17-237-g003){#F3}

Plasma biochemical parameters {#sec2-10}
-----------------------------

The effect of HFD and eight weeks endurance training on biochemical parameters in different groups are summarized in [Table 1](#T1){ref-type="table"}. Glucose, TG, Cholesterol and LDL-C levels in CHFD group were higher than CSD group. These parameters in EHFD group were significantly lower than CHFD group. There were no significant changes in HDL and IL-6 levels in different groups.

###### 

Effect of high-fat diet and eight weeks endurance training on biochemical parameters in control and trained rats

  Parameters             CSD            ESD             CHFD                 EHFD
  ---------------------- -------------- --------------- -------------------- ------------------
  Glucose (mg/dl)        138.14±12.08   125.43±10.82†   174.06±10.31\*\*\*   155.33±10.34\*\#
  Triglyceride (mg/dl)   57.85±3.13     46.98±2.92\*†   72.02±9.54\*\*       57.24±7.65\#
  Cholesterol (mg/dl)    84.85±7.75     79.71±6.92      98.86 ±13.12\*       84.96±8.65\#
  HDL-C (mg/dl)          29.02±3.59     30.27±4.18      26.28±4.79           28.41±3.14
  LDL-C (mg/dl)          44.26±3.53     40.04±2.16      58.17±6.42\*\*\*     45.11±4.21\#
  IL-6 (pg/ml)           34.37±6.52     46.28±15.56     31.33±9.57           35.57±7.45

Values are expressed as mean±SD (n=7). \**P*\<0.05, \*\**P*\<0.01 and \*\*\**P*\<0.001 vs. CSD group; \#*P*\<0.05 vs. CHFD group; †*P*\<0.05 vs. CHFD and EHFD groups. HDL-C: High-density-lipoprotein-cholesterol; LDL-C: low-density-lipoprotein-cholesterol; IL-6: Interlukin-6 CSD: control group with standard diet; ESD: endurance training with a standard diet; CHFD: control group with high-fat diet; EHFD: endurance training with high-fat diet

Plasma parameters Correlations {#sec2-11}
------------------------------

The results of the multivariate analysis of variance (MANOVA) of plasma hormonal and biochemical parameters presented in [Table 2](#T2){ref-type="table"}. The results showed that diet (Wilks' λ -0.039, F=26.97, *P*\<0.001) and exercise (Wilks' λ -0.101, F=9.70, *P* \<0.001) have significant effect on plasma hormonal and biochemical parameters. Furthermore, the interaction of diet and exercise (Wilks' λ -0.211, F=4.07, *P*\<0.01) has a synergistic effect on the plasma hormonal and biochemical parameters.

###### 

Results of the multivariate analysis of variance (MANOVA) of the effect of independent variables on plasma hormonal and plasma biochemical parameters

  ----------------------------------------------------------------------------------------
                    Source      Wilks' λ   F        Hypothesis df   Error df   *P*-value
  ----------------- ----------- ---------- -------- --------------- ---------- -----------
  Wilks' Lambda     intercept   0.001      750.93   11.00           12.00      \< 0.001

  diet              HFD\        0.039      26.97    11.00           12.00      \< 0.001
                    SD                                                         

  exercise          yes\        0.101      9.70     11.00           12.00      \<0.001
                    no                                                         

  diet\* exercise   0.211       4.07       11.00    12.00           0.01       
  ----------------------------------------------------------------------------------------

a\. Exact statistic

b\. The statistic is an upper bound on F that yields a lower bound on the significance level

c\. Design: Intercept + diet + exercise + diet\* exercise

Discussion {#sec1-4}
==========

The results of this study showed that the body weight gain and food intake in the HFD groups significantly increased and exercise suppressed these effects. These findings are in agreement with the studies of Ebal *et al* ([@ref2]), and Elj *et al* ([@ref3]), which showed reduction in weight gain and food intake during five weeks of moderate strength exercise in rats. This significant lower body weight in trained rats may be due to the changed body composition by reducing fat mass as a result of exercise training ([@ref2], [@ref3], [@ref20]), and negative energy balance linked with increased energy expenditure during the exercise ([@ref1]). Chaolu *et al*, showed that the food intake of the mice in the exercise groups significantly increased as compared to the non-exercise groups ([@ref21]). It is believed that exercise increases appetite and the need for energy intake.

In this study, the decreased nesfatin-1 level and increased glucose level in HFD group were observed in comparison to the standard diet group, while exercise under the High-Fat Diet antagonized these effects. These findings are in agreement with the results of Chaolu *et al* ([@ref21]), that showed four weeks of endurance training increased plasma nesfatin-1 level. Nesfatin-1, as a neuropeptide, involved in metabolic regulation and feeding behavior ([@ref8], [@ref22]). The intraperitoneal administration of nesfatin-1, inhibits food intake and thereby reduces body weight ([@ref9]). In addition, Su *et al* have reported that the intravenous administration of nesfatin-1 reduces the blood glucose level in hyperglycemic db/db mice ([@ref23]). Furthermore, the fasting levels of nesfatin-1 are significantly lower in type 2 diabetes mellitus patients than in healthy subjects ([@ref24]).

Two important tonic satiety signals are insulin (released from the pancreas) and leptin (released from adipose tissue). These hormones assist in the regulation of energy balance over the long term. High concentrations of these hormones in the blood suppress appetite ([@ref4]). In the present study, there were no significant changes in insulin and leptin levels in different groups. A number of studies have reported either no effect of training on leptin concentrations with short-term training (\<12 weeks), or a reduction in leptin levels in long-term training (\>12 weeks) ([@ref4], [@ref25], [@ref26]). This effect could be explained by the fact that subjects were not in a fasting state and it led to the release of insulin, which is known to exert a negative feedback over leptin secretion ([@ref4]). Ghrelin is present in circulation in acylated and desacyl forms, but only acylated ghrelin is thought to cross the blood-brain barrier and thus it is essential for appetite regulation. In addition, acylated ghrelin responds more rapidly to glucose infusion and exercise ([@ref12]). In the present study, no significant difference was observed in acylated ghrelin level between groups. Previous studies have observed reduction ([@ref5], [@ref27], [@ref28]), increment ([@ref12], [@ref29], [@ref30]), or no alteration ([@ref31]-[@ref34]), in both total ghrelin and acylated ghrelin concentrations following exercise. However, these inconsistent findings may be due to the intensity (or energy cost) of the exercise employed and/or the sex of the exerciser ([@ref12]).

Glucocorticoids were shown to inhibit ghrelin secretion ([@ref2]). Exercise can cause a change in the secretion of cortisol hormone ([@ref35]-[@ref37]). The results of this study showed that cortisol level in HFD group increased significantly compared with the standard diet group. However, in the exercise groups, the plasma cortisol level did not differ significantly between the HFD and standard diet groups. Hazar and colleagues reported that cortisol level did not alter after doing some maximum aerobic exercises ([@ref38]). Hejazi and Attarzadeh Hosseini showed that cortisol level significantly decreased during preparation phase, while it increased during pre-competition phase ([@ref36]).

Exercise may increase the release of IL-6 from contracting muscles, and this release may induce multiple effects in different tissues. IL-6 possesses somewhat catabolic features, indicated by the ability to increase energy expenditure, lipolysis, and cortisol level ([@ref11], [@ref39]). In this study, no significant change in IL-6 level was observed in different groups ([Table 2](#T2){ref-type="table"}). Conn *et al* reported the rise of serum cortisol level in hamsters without any change in IL-6 level after exercise ([@ref40]). Minetto *et al* found that the cortisol response to the exercise was not related to the amount of circulating IL-6 in elite power and endurance athletes ([@ref41]). Stewart *et al* demonstrated that a 12-week combined aerobic and resistance training program had no effect on fasting IL-6 in healthy previously physically active and inactive subjects ([@ref42]). Likewise, no change in IL-6 was observed after 2 and 6 weeks of high volume training in rowers ([@ref11], [@ref43]).

Plasma PYY concentrations are suppressed in fasting and elevated postprandial. It regulates body weight by reducing food intake and increasing energy expenditure ([@ref6], [@ref7]). Fasting circulating levels of total PYY are reported to be low in mice subjected to High-Fat Feeding ([@ref44], [@ref45]). Both forms of PYY (PYY~3-36~ and PYY~1-36~) are thought to serve as satiety signals, regulating the termination of individual meals ([@ref12]). Results of this study showed that the plasma PYY~3-36~ level in HFD groups significantly decreased compared to the standard diet groups, while exercising under the HFD, antagonized this significant decrease ([Figure 3](#F3){ref-type="fig"}). Therefore, HFD probably decreases PYY level and results in hyperphagia in rats and finally leads to obesity in animals. Several previous studies have found elevations in PYY following aerobic exercise ([@ref16], [@ref27], [@ref46]). Our finding on PYY and Nesfatin-1 levels showed high differences between the CHDF and EHFD groups. However, at the 8^th^ week, body weights were not significantly different between the CHFD and CSD groups. Thus, it seems that the hormones reflect food intake differences more clearly than body weight changes. Ueda *et al*, demonstrated that circulating levels of PYY~3--36~ rose with the increment of exercise intensity ([@ref17]).

Endurance exercise is widely recommended in the treatment paradigm of various hyperlipoproteinemias for its putative antiatherogenic action on circulating lipids ([@ref47]). The results of this study have shown that plasma TG, CS, and LDL-C levels in HFD group significantly increased as compared with the standard diet group, while these parameters decreased after endurance training ([Table 1](#T1){ref-type="table"}). However, several reports revealed that exercise training significantly increased HDL level ([@ref48], [@ref49]). Greene *et al*, demonstrated that a single exercise session on a treadmill was associated with improved blood lipids and lipoproteins in obese adults ([@ref50]). In addition, Huffman *et al* demonstrated that, independent of diet, exercise had beneficial effects on LDL-C particle number, LDL-C size, HDL-C level, HDL-C size, and TG level ([@ref51]).

Conclusion {#sec1-5}
==========

Our findings showed that exercise in rat can counteract weight gain caused by a HFD. The endurance training may produce a reduction of food intake and weight gain via the increase in nesfatin-1 and PYY levels. The key findings of this study is that exercise training (for 8 weeks) attenuated the HFD induced increase in body weight which may be due to the increase in energy expenditure and a decrease in energy intake. Moreover, these findings may be related to an exercise mediated preservation of PYY3-36 and nesfatin-1. The greatest effects of exercise were found in the HFD-fed rats, where exercise normalized some parameters (body weight) and ameliorated others, while the effects of exercise within the standard-diet group were minimal. However, additional research is required to further clarify the present research findings and completely understanding their implications and also application of them in athletic training monitoring.
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